The present experiment was designed to identify possible effects of sera and steroid hormones added to a co-culture with bovine oviduct epithelial cells on embryonic development in vitro. Bovine oocytes were matured in vitro for 24 h and then fertilized in vitro using swim-up and heparin-treated, frozen-thawed spermatozoa. At 18 and 20 h after insemination, oocytes were cultured for 3 or 7 d in a co-culture system with bovine oviduct epithelial cells containing either fetal calf serum (FCS) or estrous cow serum (ECS) and one of six hormonal additions (none, 1 or 10 tag/ml estradiol [E]; 1 I.tg/ml progesterone [P]; 1 ~tg/ml E + P; and 10 ktg/ml E + P). A total of 2,666 oocytes were cultured for 3 d and examined for cleavage. Of those, 2,280 oocytes were cultured up to 7 d for development to the late morula or blastocyst stage. Greatest cleavage rates for 2-to 8-cell and 8-cell stages were observed in FCS (71 and 24%) and ECS (66 and 23%) without steroid addition. For development into blastocysts, no serum effect was observed. Greatest rates for development into blastocysts were observed in FCS (14%) and ECS (16%) without steroid addition. These results indicate that addition of E and P at the doses and combinations tested did not enhance developmental capacity of in vitro fertilized bovine oocytes. Compared with FCS, ECS tended to increase cleavage rates and development into blastocysts.
Introduction
Progesterone (P) may influence development of early bovine embryos in oviductal and uterine environments, and estradiol (E) is an important factor in morula to blastocyst transformation in d-5 pig embryos Elsaesser, 1986, 1987) . Enhancement of in vitro development of murine (Lavranos and Seamark, 1987) and bovine (Wiemer et al., 1987) embryos has been observed in a coculture system with uterine cells in the 1This study was partially supported by the Scientific Grant for the Ministry of Education, Japan (no. 62560255 J. Anim. Sci. 1989 Sci. . 67:1318 Sci. -1323 presence of E and P. Therefore, it seemed worthwhile to evaluate effects of E and P added to a growth medium containing a biological component (oviduct epithelial cells) for in vitro development of in vitro fertilized bovine oocytes. On the other hand, fetal calf serum (FCS) often has been used in culture media (Wright et al., 1976; Camous et al. 1984a ). Recently, a favorable effect of serum from cows in estrus (ECS) on bovine oocyte maturation in vitro was reported (Sanbuissho and Threlfall, 1985; Lu et al., 1987; Xu et al., 1987) , but its effect on in vitro development of in vitro fertilized bovine oocytes has been limited (Lu et al., 1988) .
Here, we present a study on the effects of sera (FCS and ECS) and E, P or their combinations in a co-culture system with bovine oviduct epithelial cells for in vitro development of bovine oocytes matured and fertilized in vitro. 1318
Materials and Methods
Oocyte Maturation. Ovaries were obtained from Holstein cows and heifers killed at a local abattoir and were transported to the laboratory within 1 h. The cumulus-oocyte complexes were collected from follicles of 2 to 5 mm in diameter with a 18-gauge needle attached to a 10-ml disposable syringe. Morphologically normal oocytes were placed in a 30-mm plastic dish 4 (20 to 30 oocytes/dish) containing 2 ml TCM 1995 (pH 7.4, Earle's salt with sodium bicarbonate and L-glutamine) supplemented with 15% (v/v) heat-inactivated (56~ for 30 min) estrous cow serum (Lu et al., 1987) and fresh granulosa cells (5 x 106/ ml) collected from antral follicles. Oocytes were cultured statically for 24 h at 390C under 5% CO2 in air and 95% humidity.
In Vitro Fertilization. Four .5-ml frozen straws of semen from a Holstein bull were thawed at 35~ and were prepared for sperm capacitation. The thawed semen (.2 ml) was layered under 1 ml of a modified Tyrode's calcium-free medium (pH 7.4: capacitation medium) in conical tubes for a swim-up procedure (Parrish et al., 1986; Lu et al., 1987) . The top .8 ml of medium was collected after 1 h incubation at 39~
The pooled medium containing spermatozoa was washed twice and centrifuged at 400 x g for 10 min. The final pellet was resuspended with the medium to adjust to a concentration of 50 x 106 spermatozoa/ml. An equal volume of 200 ktg/ml heparin 6 solution was added to the semen suspension to make spermatozoa and heparin concentrations of 25 x 106 cells/ml and 100 ~tg/ml, respectively. Heparin-treated spermatozoa were incubated for 15 min at 39~ and gassed with 5% CO2 in air.
Oocytes cultured for 24 h were washed three times with a modified Tyrode's medium (pH 7.4, plus calcium and 2 mM NaHCO3; Parfish et al., 1986) , and expanded cumulus cells were removed partly by gentle pipetting. A 2-ktl aliquot of the washing medium containing five oocytes was placed into 45 ~1 drops of a modified Tyrode's fertilization medium (pH 7.8; Pamsh et al., 1986) 6Sigma Chemical Co., St. Louis, MO. 7Nakarai Chemical Co., Tokyo, Japan. SNunclon, Inter-Med., Denmark. sterile oil 7. Three microliters of the heparintreated spermatozoa suspension then were added to the oocytes to give a final concentration of 1.5 x 106 cell/ml. After in vitro insemination, oocytes and spermatozoa were incubated for 18 to 20 h at 39~ under 5% CO2 in air.
In Vitro Culture. At 18 to 20 h after insemination, oocytes were transferred to a coculture medium (TCM 199 + 10% bovine serum: FCS or ECS) with bovine oviduct epithelial cells containing one of six different additions of steroids (none, 1 ~tg or 10 ~tg/ml, E, 1 ~tg/ml P, 1 ktg/ml E + 1 ktg/ml P, 10 ktg/ ml E + 1 ~g/ml P). The steroids were purchased from Sigma 6 and dissolved in 99.5% ethanol. When used, steroids were dried to give the desired concentration. Bovine oviduct epithelial cells were collected as described in a previous study (Fukui and Ono, 1988) . After washing once with Dulbecco's phosphate buffered saline containing 10% (v/ v) FCS or ECS, the cell suspension was kept at 39~ for 10 rain in a medium of TCM 199 + 10% (v/v) FCS or ECS, and .5 ml of the aliquots was placed in a four-well dish 8. Ten to fifteen oocytes per well were cultured for 7 d at 390C under 5% CO2 in air. Medium was replaced with fresh medium containing the desired concentration of steroids with either 10% (v/v) FCS or ECS. At 72 h after insemination, cleaved oocytes were recorded and cultured for further development. After 7 d in culture, numbers of late morulae and blastocysts were recorded, but poor handling and contamination of the culture medium decreased the number of eggs examined. In the present study, in vitro maturation (the second metaphase) and fertilization were not examined, but in a preliminary study 117 and 155 oocytes were examined for in vitro maturation and fertilization, respectively, by the same method as the present culture system. As a control against possible parthenogenetic activation following in vitro insemination, 200 oocytes inseminated with spermatozoa killed by liquid nitrogen were cultured for 3 d without the addition of steroids.
Factorial studies (2 x 6) were designed for the two bovine sera (FCS and ECS) and six different steroid additions. Cleavage (2-to 8-cell and 8-cell stages) and development (late morula to blastocyst and blastocyst) rates were subjected to least squares methods for analysis of variance after angular transformation (Steel and Torrie, 1960) . Chi-square tests also were performed to compare the effect of factors examined.
Results
The rates of in vitro maturation and fertilization in a preliminary study were 70.9 and 67.1%, respectively. In the parthenogenetic control, 3.0% (6/200) of the oocytes were activated to 2-to 3-cells, but no further development was observed. As shown in Table  1 , a total of 2,666 oocytes were examined for cleavage rate. The proportions of total cleaved oocytes (2-to 8-cell) were affected by sera (P < .05) and steroids (P < .001). In both FCS and ECS groups, the high dose (10 txg/ml), of E with or without added P lowered (P < .05) cleavage rates more than the other treatments. Greatest rates of cleavage were obtained in both sera without any steroids (71.1 and 65.6% for FCS and ECS, respectively). The proportions of 8-cell was lowered (P < .05) by the high dose (10 ktg/ml) of E in both FCS and ECS groups (1.9 and 8.0%, respectively), and greatest rates of development to 8-cell eggs were obtained in both sera without the addition of steroids (24.1 and 23.0% for FCS and ECS, respectively).
In 2,280 oocytes examined, the combined proportions of late morulae and blastocytes were higher (P < .01) in ECS than in FCS and varied (P < .001) among the steroids added. However, there was no significant difference in the proportion of blastocysts between the two sera, whereas steroid addition lowered development into blastocysts. In both FCS and ECS groups, the high dose (10 I.tg/ml) of E depressed (P < .05) developmental capacity into late morulae or blastocysts. Addition of the present doses and combinations of E and P did not enhance the developmental capacity of in vitro fertilized bovine oocytes. Compared with FCS, use of ECS without steroids tended to show greater rates of development into blastocysts (16.3 and 14.2%), and the combined development rate into late morulae and blastocysts (23.6 and 19.5%), but these differences were not significant.
Discussion
In the present study, addition of E, P or their combinations in a co-culture system did not show a positive effect on in vitro development of bovine oocytes matured and fertilized in vitro. In contrast, Lavranos and Seamark (1987) reported that in vitro development of 8-cell murine embryos was increased by a co-culture with uterine cells and addition of steroids (10 ktg/ml E, 1 lxg/ml P or their combination). Wiemer et al. (1987) cultured bovine morulae in vitro with hormone (10 pg/ ml E and 10 ng/ml P)-treated fetal uterine fibroblasts and showed that 18, 83 and 73% of embryos by control, a co-culture with fibroblasts, and a co-culture with both fibroblasts and addition of E and P, respectively, developed into hatching or hatched blastocysts. Their results indicate that a co-culture with fetal uterine fibroblasts is an excellent culture system for in vitro development of bovine embryos, but the effect of addition of steroids was not clarified. In our study, use of a high dose (10 ktg/ml) of E markedly reduced cleavage and development rates in both FCS and ECS groups. Niemann and Elsaesser (1986) indicate that only very small amounts of E (100 IxM) are necessary for undisturbed early embryonic development in pigs. Reasons for the detrimental effect of the high doses of steroids, especially E, are not known. However, it has been reported that in the rabbit ampullae, embryonic development was impaired in estrogen-treated, ovariectomized females . They concluded that an estrogeninduced protein of low molecular weight (<10,000 dalton) is the inhibiting factor.
In the oviduct of live animals, development of early embryos is supported by several substrates and co-factors, such as pyruvate, bicarbonate, free amino acids, steroids and other compounds. Concentrations of E and P in oviductal fluid increase more than plasma concentrations do after ovulation, suggesting that some steroids appear in oviductal fluid by active secretion (Mastroianni and Go, 1979) . However, the influence of steroid concentrations on early embryonic development was not well understood until a report showed that E (100 ~ in pigs is a potentially important factor for transformation of the compacted morula to cavitated blastocyst Elsaesser, 1986, 1987) . Eyestone et al. (1987a) cultured 1-and 2-cell bovine embryos in the oviduct of intact cyclic and ovariectomized ewes and showed that ovarian factors are not essential for early embryonic development. Results in our study support the report of (1987a) and indicate that E and(or) P may not contribute to early embryonic development in a co-culture with bovine oviduct epithelial cells. Although other workers have examined the effect of steroid added to uterine cells (Lavranos and Seamark, 1987; Wiemer et al., 1987) , it appears that the effect of additional steroids may vary with the types of somatic cells co-cultured.
With the present co-culture system, it was unlikely that the 8-to 16-cell block occurred. Development of early bovine embryos in vitro generally is arrested at the 8-to 16-cell stage (Wright and Bondioli, 1981; Camous et al., 1984a; Eyestone and First, 1986) . As Eyestone et al. (1987b) proved, a biological factor contained in oviduct epithelial cells might overcome the block. It has been suggested that the 8-cell bovine embryo is a particularly sensitive stage of development that requires factors that normally are present in vivo but that are lacking in culture systems in vitro (Camous et al., 1984b) . In the present study, the cleavage rate to the 8-cell stage was 23 and 24%, and development into late morulae or blastocysts was 20 to 24%. An improved culture system to increase the proportion of 8-cell stage embryos from in vitro fertilized bovine oocytes is required for development to the blastocyst stage.
Use of ECS increased cleavage and combined development rates of morulae and blastocysts. Estrous cow serum has been employed successfully for bovine oocyte maturation in vitro (Sanbuissho and Threlfall, 1985; Lu et al., 1987; Xu et al., 1987) , but its effect on in vitro development has been limited. Blum et al. (1987) found that in 8-cell porcine embryos, phosphate buffered saline supplemented with 20% ECS was superior to sera from bulls, calves and pregnant cows. Recently, Lu et al. (1988) compared FCS and ECS for in vitro development of bovine oocytes matured and fertilized in vitro; they showed similar rates of development into morulae for the two sera (31.8 and 33.3%, respectively). The report of Lu et al. (1988) and the present results show that ECS can be used for bovine embryonic development instead in FCS. Fetal calf serum often had proved to be superior in promoting in vitro development of mammalian embryos (Wright et al., 1976; Camous et al., 1984a ), but there is considerable variation in commercial lots of FCS (Shiigi and Mishell, 1975 ).
In conclusion, addition of the present doses of E and P to the co-culture system with bovine oviduct epithelial cells did not enhance developmental capacity of in vitro fertilized bovine oocytes. Compared FCS, use of ECS shows promising increases in cleavage and development in vitro.
